Implementation of vegetable and fruit programs in schools is less than optimal. This study aimed to identify, using a theoretical framework, factors associated with implementation of a school vegetable and fruit program; that provides a time in class for children to consume a piece of vegetable or fruit they have brought from home.
Introduction
Internationally, most children fail to consume adequate quantities of vegetables and fruit [1] . For example, studies in the United States [2] , United Kingdom [3] and Australia [4] have found that between 70 and 80% of children aged 5-18 years do not eat the recommended serves of vegetables (i.e. between 2½-5 serves) or fruit (i.e. between 1-2 serves). Adequate childhood consumption of vegetables and fruit is essential for healthy growth and development [5] and is hypothesized to protect against infections [6] and respiratory illnesses [7] . Furthermore, dietary habits established in childhood track into adulthood [8] reducing the risk of future obesity and chronic disease [1] . Accordingly, the implementation of population-based initiatives such as supportive environments, policies or programs that increase vegetable and fruit intake by children is a recognized public health priority [9] . Schools represent an appropriate setting to increase children's intake of vegetables and fruit as they provide almost universal access to children over an extended period of time [10] , and are recommended settings to address the health and wellbeing of children [11] . Interventions in this setting have been found to modestly improve student consumption of vegetables and fruit [1] . While schoolbased vegetable and fruit initiatives have been conducted in a number of countries including the United States [12] , United Kingdom [13] , Norway [14] , New Zealand [15] , where governments have provided free or subsidized vegetables and fruit to children, and Australia [16] , where children are encouraged to bring vegetables and fruit from home to consume in class, implementation of such initiatives by schools is less than optimal, and has been suggested in some studies to vary according to school size, rurality and level of disadvantage [17] . For example, after more than a decade only 57% of eligible Norwegian elementary schools are reportedly registered for the subsidized fruit scheme [14] , and with only 30% of children participating in the scheme [18] . In 2010 a representative random sample of over 600 elementary schools in the United States found that only 25% of public elementary schools were participating in a program that provided reimbursement to lower socio-economic schools offering fresh vegetables and fruit to students during the school day [12] . Similarly, a 2010 study found that only 40% of Australian elementary schools were implementing, to the recommended level (i.e. in at least 80% of classes every school day), a government endorsed program that promoted children's consumption of a piece of vegetable or fruit, that they have brought from home, during class time [17] .
For the potential public health benefits of school vegetable and fruit programs to be realized, implementation across the population of schools is necessary. Theoretical frameworks suggest that there is a need to consider a range of factors that may support or impede the implementation of programs in community settings if program implementation is to be maximized [19] . The consolidated framework for implementation research (CFIR) developed by Damschroder et al. [20] is one such framework which provides a comprehensive taxonomy of constructs from multiple disciplines including psychology and organizational change that have been reported to influence program implementation. The CFIR constructs identifies 37 constructs, grouped into five domains which include: intervention characteristics (e.g. cost, perceived complexity, ease of implementation), outer setting factors (e.g. external policies and peer behavior), inner setting factors (e.g. alignment with organizational values and access to information and support), characteristics of the individuals involved (e.g. their knowledge, attitudes and self-efficacy) and the process of implementation (e.g. planning).
A limited number of primary research studies have comprehensively evaluated the factors associated with schools' implementation of vegetable and fruit programs. One study of a vegetable and fruit intervention implemented in Danish secondary schools [21] found that those schools that had a food policy and that had teachers and students who valued the program had higher rates of implementation than those without such characteristics. Conversely, a study within Australian elementary schools found no association between a school having a written school policy and implementation of a vegetable and fruit program [17] . However, the study found a significant association between program implementation and having teachers trained in delivery of the program. The CATCH Eat Smart School Nutrition Program conducted in The United States, that sought to improve the preparation, production and promotion of elementary schools food service through the implementation of East Smart guidelines, found that the percentage of guidelines implemented was not associated with the number of training sessions school food service staff had attended, but was associated with their perceived utility and satisfaction with program guidelines [22] . Furthermore, other studies have identified that the uptake of school vegetable and fruit programs is associated with other school characteristics, such as number of students and socioeconomic and geographic characteristics. For example, the 2015 study by Aarestrup et al. [21] which examined the implementation of the Boost trial in 20 Danish schools, found that smaller schools, with fewer families of lower socio-economic background were more likely to consistently deliver the intervention at a high level. Similarly, the 2011 study by Nathan et al. [17] , which surveyed 384 Australian elementary school principals found that small schools, rural schools and schools from lower socio-economic areas were more likely to implement the recommended vegetable and fruit program. Despite providing an indication of the association between some school characteristics and school implementation of vegetable and fruit programs, no single study has reported on such associations across a broad range of characteristics. In the absence of such information it limits the development of interventions to maximize school implementation of such programs and subsequently our understanding of how successful interventions achieve their impact.
To address this evidence gap, a study was undertaken to determine the factors associated with the implementation of a vegetable and fruit program in Australian schools, using a comprehensive implementation theoretical framework. The study further sought to identify if school characteristics such as size, rurality and level of disadvantage was associated with these factors.
Policy context
In 2005, the Australian Government recommended all elementary schools provide a time in class for children to consume a piece of vegetable or fruit that they have brought from home. A program, Crunch&Sip Õ was made available to facilitate the implementation of such a vegetable and fruit break [16] . Crunch&Sip Õ encouraged schools to develop a school policy regarding the implementation of a vegetable and fruit break in class time; the implementation of such breaks; teaching and learning materials to reinforce related nutrition messages and promotion of the program to teachers, students and parents. Since 2007 the New South Wales (NSW) state government encouraged school implementation of Crunch&Sip Õ and offered, through a nonGovernment organization [24] access to information-based support via a website and newsletters [23] . In 2010, the state government established the Healthy Children's initiative, to support schools to implement policies and programs to promote both healthy eating and physical activity, Crunch&Sip Õ being one of these programs and developed formal implementation performance targets and monitoring systems for each [24] .
Materials and methods

Ethical approval
Approval to conduct this study was obtained from Hunter New England Local Health District Human Research Ethics Committee (no. 06/07/26/4.04), and relevant school ethics committees.
Design and setting
A cross-sectional survey of elementary schools was conducted across the state of NSW, Australia. NSW has a population of approximately 863 000 children aged between 5 and 14 years and over 2200 elementary and central schools [25] .
Participants and recruitment
A database of all NSW government and nonGovernment (Catholic and Independent) elementary schools (i.e. those that cater for children aged 5-12 years of age) and central schools (i.e. those that cater for children aged 5-18 years of age) (hereafter referred to as 'elementary schools') was generated from school lists provided on the websites of the Department of Education, the Catholic Education Commission and the Association of Independent schools. Special purpose schools (such as juvenile justice schools, hospital schools or school serving students with special needs) were excluded. 
School and principal characteristics
During the telephone interview, principals were asked to report the number of students attending the school and to provide some demographic data including their role in the school, how long they have been in that role and their years of teaching experience. School type (Government, nonGovernment Catholic or non-Government Independent) and the postcode of the locality of the school were obtained from school websites.
School implementation of a vegetable and fruit program
Implementation of a vegetable and fruit break in class time was used as the measure of program implementation. Using a validated measure [26] , principals were asked to report if their school had implemented specific breaks to allow children to eat vegetables or fruit during class time ('yes-all classes', 'yessome classes', 'no classes', 'don't know'). Principals who reported that 'yes-some classes' at their school had a vegetable and fruit break were then asked to estimate the percentage of classes that had such breaks. Principals were also asked to indicate the number of days per week such breaks were usually implemented. Consistent with criteria indicated in the Crunch&Sip Õ program [27], schools were classified as implementing the vegetable and fruit program if they indicated having a vegetable and fruit break in at least 80% of classes every school day.
Factors associated with school implementation of the Crunch&Sip Õ program
To identify the factors associated with implementation of a vegetable and fruit program, survey items were developed based upon the CFIR by Damschroder et al. [20] . The CFIR recommends that only constructs relevant to the study context, intervention and setting be used [20] . For the current study, 12 survey items were developed to measure the constructs that could either promote or impede the implementation of a vegetable and fruit program (Table I ). All principals were read a description of the Crunch&Sip Õ program and, consistent with scales used to assess the significance of a CFIR domain on implementation, asked the extent to which they agreed with each of the 12 statements regarding its implementation in their school (on a 5-point Likert scale strongly agree-strongly disagree) (Table I) .
Analyses
All analyses were conducted using the statistical package SAS Version 9.2 (SAS Institute, Inc., Cary, NC, USA). Descriptive statistics were used to describe school and principal characteristics. Schools were dichotomized based on school type: Government or non-Government (Catholic and Independent) schools. The reported number of enrolled students in each school was used to categorize schools as: 'small schools' (1-159 students); 'medium schools' (160-450 students) or 'large schools' (451+ students). School postcodes were also used to categorize the school's locality as either 'rural' (those schools in outer regional, remote and very remote areas) or 'urban' (those in regional cities and inner regional areas) based upon the Accessibility/Remoteness Index of Australia [28] . Schools with postcodes ranked in the top 50% of NSW postcodes based on the SocioEconomic Indexes For Areas (SEIFA) [29] Index of Relative Socio-economic were categorized as schools in 'higher socio-economic areas', while those in the lower 50% were categorized as schools in 'lower socio-economic areas'. Whilst the use of the 5-point likert scale was intended to assess the significance of a CFIR domain on implementation, for ease of interpretation of logistic regression results responses to the items regarding principal agreement with each of the implementation factors were collapsed into two groups; 'Agree' (strongly agree, agree) and 'Disagree' (neutral, disagree, strongly disagree). Three survey items were reverse coded (i.e. phrased in the semantically opposite direction). For the purposes of analysis and interpretation, these were converted to the same format as the other questions, where agreement with the statement was considered to facilitate implementation. Separate logistic regression analyses were initially performed to examine univariate associations between each of the 12 implementation factors (independent variables) and principal report of whether the school had implemented a vegetable and fruit break (dependent variable), with schools not having implemented such a break being the reference group. Implementation factors that were shown to be associated in such analyses (P-values < 0.25) were subsequently included in a backwards multiple logistic regression model to examine which implementation factors were independently associated with school implementation of a vegetable and fruit break, controlling for school characteristics (school size, rurality or level of disadvantage). An interaction term was included for each implementation factor and each school characteristic.
Results
Sample and school characteristics
Of the 476 schools invited to participate in the survey, 17 could not be contacted (3.6%), 156 refused to participate (32.7%) and 303 (63.7%) participated in the survey. Characteristics of participating schools are shown in Table II . Of the survey participants, most (76%) were Principals, with 6% Acting Principals and 6% Deputy or Assistant Principals, with an average of 299 months (SD ¼ 114 months) teaching experience, and an average of 54 months (SD ¼ 54 months) experience in their current role. Survey participants were significantly more likely than non-participants to come from Government schools (79 versus 63%, P < 0.01), rural schools (31 versus 16%, P < 0.01) and schools in lower socio-economic areas (66 versus 50%, P < 0.01).
School implementation of a vegetable and fruit break
Seventy-eight percent of schools reported that they were implementing a vegetable and fruit break on 5 days per week in at least 80% of classes.
Factors associated with school implementation of vegetable and fruit break
Univariate regression analyses found that all implementation factors were associated with the implementation of a vegetable and fruit break (Table  I) . The multiple logistic regression analysis showed that, four of the twelve-implementation factors were significantly associated with the implementation of a vegetable and fruit program (Table I) 
Discussion
Using the CFIR this study sought to identify the independent associations between a range of constructs and schools' implementation of a vegetable and fruit program in Australian elementary schools. Independent associations were observed between the implementation of the vegetable and fruit program and four implementation factors: strength of evidence; complexity; relative priority and available resources. The observed associations did not differ according to school size, rurality or level of disadvantage.
No previous studies have used a theoretical framework to comprehensively examine the association between a range of theoretically determined implementation factors and schools' implementation of a vegetable and fruit program. Nonetheless, the findings of this study are consistent with other studies of school nutrition programs, which have highlighted the importance of minimizing program complexity [30, 31] . The CFIR suggests that the perceived 'complexity' of an initiative, which includes; the range and number of tasks, the time to do the tasks and the degree to which the task is a departure from routine practice contributes to the likelihood of implementation. Given schools routinely report a 'crowded curriculum' as a barrier to implementing health promotion programs [17] , developing an intervention that is simple, well-defined and that can be embedded into routine school practice is recommended in order to facilitate implementation in this setting.
However, unlike other studies [32] [33] [34] , which suggest program costs and adaptability are important factors for consideration when implementing school nutrition programs these factors were not identified as significant factors influencing program implementation in this study. Furthermore, these findings are not consistent with a study of 215 Australian childcare managers which, using the CFIR, found that readily available external support was significantly associated with implementation of healthy eating and physical activity policies and practices in early childcare services. The inconsistency of the findings across studies may reflect differing jurisdictional, setting or program contextual issues, which have been suggested to influence program implementation [35] .
The findings that the implementation of the vegetable and fruit break was associated with principal's perception that the program is evidence based and relevant to the school priorities highlights the importance of communicating the benefits and relevance of school vegetable and fruit programs to school principals and staff. According to the CFIR stakeholders' opinion of the quality or validity of the strength of evidence can be influenced by published literature, data from pilot studies and anecdotal stories from colleagues. Using relevant school education departments or opinion leaders [26, 34] or training [22] may represent strategies for addressing these determinants. Engagement of school staff during program development is suggested to be particularly important in ensuring that a program is aligned with school priorities [34] . Previous research suggests that such engagement with end-users is not widespread in the development and reporting of child obesity prevention programs generally [36] thereby limiting the intended benefits of programs for children.
This study found principal's reported commitment of school resources was associated with program implementation. As inadequate resources are commonly reported as a barrier to school implementation of health promotion initiatives [37] , strategies to secure principals' commitment of time, resources or personnel may need to be considered during initial engagement discussions with schools. Memorandums of understandings or integration of programs into school management plans have been used successfully in previous trials [26] to ensure school commitments and support implementation of vegetable and fruit breaks.
The study findings should be considered in light of its design characteristics. First, a strength of the study is the use of a large representative sample of schools drawn from the population of all schools in the state, enhancing the generalizability of its findings. However, the extent to which the findings are applicable to other jurisdictions is unknown. Secondly, the study used a self-report measure of vegetable and fruit breaks in schools, and of the extent of implementation of such breaks. It is considered the inherent inaccuracy of self-report measurement was limited by the use of a validated measure of vegetable and fruit programs in this study [26] . Thirdly, given single items were used to assess the CFIR constructs the psychometric properties of the tool used in the study are unknown, therefore future studies should aim to validate these measures. Finally given the cross-sectional nature of the study these findings may only be considered associations, and thus future prospective intervention studies are warranted to determine if strategies to address the four factors associated with the implementation of a vegetable and fruit break identified in this study are effective in increasing the likelihood of schools' implementation of vegetable and fruit breaks.
Despite these limitations, the study provides an important contribution to the field of implementation science, as it provides policy makers and practitioners with practical information to use in the design of interventions to support schools' implementation of vegetable and fruit programs. Future research examining how interventions impact on these constructs, for example, through mediation analyses would represent a considerable opportunity for implementation scientists to better understand intervention mechanisms.
